Abstract. The present study evaluated the relevance of EGFR overexpression in prediction of malignant transformation of oral leukoplakia (OLP). The retrospective study comprised paraffin-embedded tissue samples of OLP that transformed into oral squamous cell carcinoma (OSCC) (n=53) and tissue samples of OLP that did not transform into OSCC (n=45) during a follow-up period of 5 years. EGFR overexpression was assessed immunohistochemically. A significantly different expression rate of EGFR was determined between transformed and non-transformed OLP (P=0.017). A statistically significant increase of EGFR expression for low dysplasia lesions in group I compared to group II was proven (D0, P=0.013; D1, P=0.049). By calculation of ROC curve and determination of highest Youden index the optimal threshold value [cut-off point (COP) = 44.96] for distinguishing the transformed from non-transformed lesions was estimated (critical expression rate of EGFR). Using the determined COP the correlation between high-risk lesions and the detection of increased expression rates were significant (P=0.001). In the future, the assessment of EGFR overexpression in OLP may allow identifying OLP lesions with an increased risk of malignant transformation that may have been regarded harmless when only the grade of dysplasia had been taken into account.
Introduction
Oral squamous cell carcinoma (OSCC), one of the most common oral malignancies, presents a clinical diagnostic challenge, particularly in its early stages of development. Nevertheless, the early diagnosis of oral cancer plays a key role in patient survival. While early stages of OSCC are curable in 80% of the cases, the 5-year survival rate drops to 30% in advanced stages and corresponds, finally, to a rate of 50%. Unfortunately, still two thirds of the patients suffering from OSCC are diagnosed in an advanced stage resulting in a 5-year survival rate of ~50%. Hence, methods for early diagnosis of the disease are urgently needed (1) (2) (3) .
A second problem in development of oral carcinomas is that ~67% of them are preceded by oral potentially malignant disorders mostly by leukoplakia (OLP) which represents the most common potentially malignant lesion of the oral mucosa. Statistically, 1-18% of these lesions show malignant transformation to OSCC (4-7). However, like early diagnosis of the malignancy the evaluation of cancer risk coming up from individual lesions is difficult. To date, histopathological assessment of the degree of dysplasia is the basis for the prediction of malignant transformation (4, 5, 8, 9) . Unfortunately, this method is subjective and lacks intra-and inter-observer reproducibility (10) . In addition, it was found that histological features alone cannot accurately predict whether these tissue changes of the oral mucosa remain stable, regress or progress to malignancy and sometimes even non-dysplastic lesions suddenly show malignant transformation (10) . Therefore, attempts have been made to develop diagnostic and prognostic biomarkers and methods for monitoring premalignant stages (7) . Specific molecular biological chances in oral tissues hold great promise in this respect and in the past attempts were made to develop methods based on specific molecular markers for more accurate assessment of cancer risk of OPL. However, so far none of these markers has been introduced to clinical routine (7, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) .
Aberrant expression and function of molecules involved in signalling networks controlling cell cycle, differentiation, apoptosis, genomic stability, motility, angiogenesis and metastasis have been considered as biomarkers for risk assessment of malignant transformation (5, 9) .
The epithelial growth factor (EGFR) regulates the signalling involved in cell proliferation and differentiation. It is overexpressed in several tumors including OSCC. There is substantial, but not clear evidence that high expression of EGFR is correlated with advanced tumor stages, metastases and poor clinical outcome (23, 24) .
Enhanced expression of the EGFR family has been detected in proliferative cells of the basal layer in normal oral mucosa and leukoplakia with mild, moderate and severe dysplastic lesions. Some studies report that the pattern of EGFR expression in dysplastic leukoplakia coincides with the histological assessment of dysplasia in these lesions and they have indicated that EGFR upregulation may be a useful marker for identifying individuals at risk of OSCC development (7, 18, (24) (25) (26) (27) (28) .
To date, there is a lack of information on the rate of malignant transformation of OLP over longer follow-up intervals comparing immunohistochemical features and conventional histopathological aspects of the lesions. Therefore, the present study included only OLP lesions of patients with 5-year follow-up data. The aim of the present study was to evaluate if there were correlations between EGFR overexpression in OLP, the rate of malignant transformation and the histopathological grade of dysplasia.
Materials and methods
Tissue samples and patients. The study was approved by the Ethics Committee of the University of Erlangen-Nuremberg and patients' informed consent was obtained. A total of 148 tissue samples (paraffin blocks) were included in the study that had been collected at the Department of Pathology, University Hospital Erlangen between 1997 and 2011. Group I consisted of 53 OLP samples that showed malignant transformation into OSCC during the 5-year follow-up. Group II included 45 OLP samples that did not show a malignant transformation in the 5-year follow-up. Group III included 30 samples of sound oral mucosa (NOM) of healthy volunteers and served as negative control. Group IV consisted of 21 OSCC samples that were the result of malignant transformation of OLP of group I. Basic patient data including age and gender were collected. Moreover, the time interval between diagnosis of OLP and the diagnosis of OSCC (disease-free survival time, DFS) was determined.
Oral epithelial dysplasia classification and tumor histopathology and staging. All samples were evaluated by two pathologists to ensure consistent results. The grade of dysplasia of the OLP samples was histopathologically classified according to WHO classification 2005. Based on architectural, certain histological and cytological features dysplasia of tissues is divided into the stages D0 for no, D1 for mild, D2 for moderate and D3 for severe dysplasia (8) . Ideally, diagnosis corresponds to the nature of the lesion meaning that the level of epithelial dysplasia implies the risk of progression into malignancy (D0, no risk; D1, low risk; D2, moderate risk; and D3, severe risk) (9) . Clinical staging and TNM classification were done for each tumor patient developing a malignancy based on the primary precursor lesion according to UICC. The OSCC were also classified according to WHO for loss of differentiation as G1, G2 and G3 for well, moderately and poor differentiation, respectively. All biopsies were evaluated by two pathologists to ensure consistent results. Clinical staging (stages I-IV) and classification according to early (including stages I and II) and late (including stages III and IV) clinical stages were recorded.
Immunhistochemical staining of EGFR-1 expression.
Immunohistochemical staining was performed with the alkaline phosphatase-anti-alkaline phosphatase method and an automated staining device (Autostainer plus; DakoCytomation, Hamburg, Germany). On all samples the Dako labeled streptavidin biotin alkaline phosphatase system kit (Dako K5005; Dako Diagnostic GMBH, Hamburg, Germany) was applied. EGFR expression was detected by the murine monoclonal antibody M3563 (dilution 1:300; Dako Diagnostic) directed against EGFR-1. Serial sections of 4 µm thickness were taken on silanized slides for IHC. Paraffin tissue sections were first dewaxed with xylene (30 min) and rehydrated gradually with ethanol and water. Antigen retrieval applying Proteinase K for 5 min (Dako S3020; Dako Diagnostic) and the whole staining was done using the DakoCytomation Autostainers plus (Dako Diagnostic) according to the recommends of the distributor. After staining the slides were gently rinsed with distilled water and counterstained with haemalaun (Dako S3301; Dako Diagnostic) manually, and then washed gently under running water for 5 min and mounted in aquatex (Merck, Darmstadt, Germany) using cover slips.
Presence of red coloured end product at the site of target antigen was indicative of positive reactivity. Membranous and/or cytoplasmatic staining was estimated as positive result. An unrelated murine IgG1 antibody at the same concentration as the test antibody was used as a negative control.
Semi-quantitative immunohistochemical analysis.
We performed semi-quantitative analysis of the membranous and cytoplasmatic expression of EGFR to determine the labelling index of the tissues which is defined as the percentage of expressing cells (ratio of positively stained cells to the total number of cells per ROI, multiplied by 100). Therefore, sections of OLP, OSCC and healthy tissues were first qualitatively evaluated under a bright light microscope (Axioskop; Carl Zeiss, Jena, Germany) at magnifications of x20 and x40. For each sample two or three regions of interest (ROI) which span (if possible) the whole epithelium and include 200-300 cells were selected, digitized and documented with a CCD camera (Axiocam 5; Carl Zeiss) and Axiovision software (magnification x200-x400; Axiovison, Carl Zeiss). Cell counting was performed by two independent observers who were blinded to the tissue origin. Afterwards, the ratio of positively stained cells to the total number of cells per ROI, i.e. the labelling index, was defined.
Statistics. The labelling index per ROI of positively stained cells was used to analyze statistically relevant differential expression rates of EGFR determined by immunohistochemical staining. For the data results three analyzed ROIs were pooled. The labeling indices data were expressed as the median (ME), the interquartile range (IQR), standard deviation (SD) and range. Graphical diagrams are plotted as Box-Whisker Plots which represent the median, the interquartile range, the minimum and the maximum values of determined EGFR expression.
To investigate from which value increased expression is relevant for the likelihood of transformation a cut-of point (COP) was determined. For this a ROC (receiver operating characteristic) curve was established and highest Youdan index and its associated COP (optimal threshold value) were calculated. If the value of a patient lies above the COP, the likelihood of malignant transformation is considered as high. Based on this COP group I and II was divided into two subgroups which show an expression rate over or under the COP. Then the odds ratio and the 95% confidential interval was calculated.
Comparisons were performed between groups I and II, OSCC and groups I and II and healthy mucosa (group IV) and the groups I, II and II, respectively. Association between malignant transformation and overexpression of EGFR was analysed by Man-Whitney U test and by Fischer's exact test. P-values <0.05 were considered as statistically significant. All calculations were performed with SPSS 19.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Clinical features, histopathological data and follow-up of the patients. Of the OLP samples 60.2% (59/98) belonged to male and 39.8% (39/98) to female patients. The average age of examined patients with OLP was 55.8 years. Thirty-seven of the OLP had no dysplasia (37.8%), 33 (33.7%) showed mild, 17 (17.3%) moderate and 11 (11.2%) severe dysplasia (Table I) . Transforming lesions are included in each group of dysplasia. Within the proceeding lesions the distribution of the dysplasia was nearly equal, whereas in group II (nonproceeding OLP) predominantly tissues with low degrees and none with severe dysplasia could be seen. Regarding D2 the fraction of the lesion which transformed was three times higher as within the comparison group II (Table I , Fig. 1 ). With rising grades of dysplasia the risk of malignant transformation increases although the number of emerging malignancies in D0 and D1 was almost equal. Out of 37 and 33 OLP exhibiting no or mild dysplasia 40.5% (n=15) and 42.4% (n=19) proceeded into carcinoma, respectively. In contrast, 76.5% (13/17) of all lesions showing moderate dysplasia and all 11 (100%) OLP graded as D3 were base of a malignancy (Fig. 2) . Statistical investigation revealed that despite of the preselecting of transforming lesions the correlation between risk of tumor development and grade of dysplasia was significant (P<0.01).
The OLP lesions were divided into two groups. Group I includes 53 lesions proceeding into malignancy within 5 years and 45 samples of group II did not show any malignant transformation (Table I) .
Out of the 53 proceeding OLP 40 were found in the oral cavity and 13 in the oropharynx; of these, 64.2% (34/53) were male and 35.8% (19/53) female. Consequently, the ratio of men to women was about 2:1. The average age of the patients was 61.8 years. The average age of the male patients was 60.2 and that of the women 63.3 years. Within group I all grades of Table I . Distribution of dysplasia in total samples and the two groups and disease-free survival time (DFS) of the patients. Fig. 1 ). There was no preference for D0 or D1 grades of dysplasia within group II (P>0.05). However, samples with high grade of dysplasia were clearly under-represented. The distribution is given in Fig. 2 .
Clinical and histological characterization of corresponding OSCC and healthy oral mucosa. Out of the available corresponding tumors 21 could be investigated immunhistologically. Most of the corresponding tumors were small at time of diagnosis. In 15 cases data for tumor size was available; 60% of all OSCC were T1, 13.3% were T2, 6.7% were T3 and 6.7% were T4 tumors. In 2 cases a carcinoma in situ (CIS) was diagnosed (13.3%). Twenty OSCC were also graded for differentiation. Five (25%) OSCC cases were well (G1) and 9 (45%) were moderately (G2) and 6 (30%) were poorly differentiated. Out of 16 valid samples 81.3% of the patients who developed a malignancy were diagnosed at early stages of the disease. Only 18.8% belonged to late stages. Significand differences in expression rates were found between transformed and non-transformed OLP and proceeding OLP and normal healthy mucosa. Table III . Differences of expression rates within dysplasia groups. The 30 specimens of normal oral mucosa of healthy volunteers did not show remarkable changes, such as inflammation and hyper-or dysplasia, or any clinical abnormalities.
Labelling index/expression rate ------------------------------------------------------------------------
EGFR overexpression in proceeding and non-proceeding leukoplakia and correlation to cancer risk. Representative staining of tissues is shown in Fig. 3 . Membranous and cryptoclastic staining could be observed in all types of tissue specimens with different labelling indices. The negative controls demonstrated the absence of non-specific staining (data not shown).
A significant different expression rate could be determined between transformed and non-transformed OLP (P=0.017; Fig. 4) . Therefore, overexpression of EGFR is a significant parameter for estimation of cancer risk in OLP. No significant differences in labelling indices could be ascertained for comparison of malignancies with either normal healthy tissues (P=0.22) or with the OLP which they were based on (P=0.50; Fig. 4) . Additionally, no significant difference in expression was found between the control group (group IV) and group I (P=0.08) and group II (P=0.3), respectively. All P-values of the comparisons between the different groups are summarized in Table II. In addition, the mean expression level of EGFR in OLP showing no histological (D0) or mild (D1) changes proceed into cancer was highly different from non-transformed lesions. This was not observed for the small group of D2 dysplasia (n= 4; Table III ). Accordingly, a statistically significant different expression could be proven for low dysplasia lesions. Statistic evaluation revealed that for this lesion the expression was significantly increased in group I compared to group II (D0, P=0.013; D1, P=0.049, Fig. 5 ).
To display the discriminatory accuracy of the marker for distinguishing between group I and group II, the ROC (receiver operating characteristic) curve was used. It is a plot of the sensitivity (true positive rate) vs. 1-specifity (false positive rate) over all possible threshold values of the marker (Fig. 6 ). For selection of the optimal threshold value (cut of point) for the biological marker the Youdan index (Y) which is a frequently used summary measure of the ROC curve was calculated. Both measure the effectiveness of a diagnostic marker and enables the selection of an optimal threshold value (cut-off point) for the marker which is associated with the highest Youdan index (Y = Sensitivity + Specificity -1) (29) . The highest Youden index was 0.4. The AUC value amounts to 64%. The optimal threshold value (COP) for distinguishing the transformed from non-transformed lesions was 44.96 (critical expression rate of EGFR).
Using the determined COP the groups were divided into positive and negative lesions where the parameter allows the prediction of the development of a malignancy for individual patients. Out of 53 proceeding OLP 29 (54.7%) exhibited a labelling index over 44.96. whilst in 'benign' lesions 9 (20%) showed an expression level above this. The correlation between high risk lesions and the detection of increased expression rates were significant (P=0.001; Table IV ).
In addition, the odds ratio and the 95% confidence interval (CI) could be determined on the results of the cross table. The value of odd ratio was 4.83. Thus, the risk of cancer development of patients suffering from an OLP exhibiting an expression over the COP of 44.96% is nearly 5 times higher. The 95% CI ranges from 1.95 to 11.99. Thus, the risk of malignant transformation of OLP, which exceeds the threshold of 44.96 is at least double and maximally 12 times higher compared to those which are below the threshold value. 
Discussion
To date, the risk of malignant transformation of OLP lesions are evaluated histopathologically based on the degree of dysplasia (4) (5) (6) (8) (9) (10) . This evaluation relies on single biopsies that sometimes are not representative for the whole lesion. Moreover, a high inter-examiner and intra-examiner variability has been identified in the assessment of the degree of epithelial dysplasia (9, 10, (30) (31) (32) . It has been stated that objective molecular biological tools are urgently needed to improve the evaluation of the risk of malignant transformation of OLP (6, 7, 33) . Today many markers are discussed, but none of them is either used in clinical routine or can predict the behaviour of OLP on its own (6, 11, (13) (14) (15) (16) (17) 24, 27, (34) (35) (36) . Therefore, in order to increase accuracy identification of additional reproducible molecular markers by multi-centric studies with larger cohorts for multivariate analyses is urgently needed.
Additionally, only a few studies include a follow up of patients over 5 years (14, 15) . Hence, there is a lack of information on the rate of malignant transformation of OLP over longer follow-up intervals comparing immunohistochemical features and conventional histopathological aspects of the lesions. Therefore, the present study included only OLP lesions of patients with 5-year follow-up data. Its aim was to evaluate if there were correlations between EGFR overexpression in OLP, the rate of malignant transformation and the histopathological grade of dysplasia.
Previous studies have demonstrated increased EGFR expression in oral leukoplakia (18, 23, 24, 26, 27, 37) . Especially, it has been shown that the percentage of EGFR positive OLP lesions is significantly increased in high-risk sites of the oral cavity, where OSCC often occur (24, 26, 27) . To the best of our knowledge, the present study is the largest one in the field as far as EGFR overexpression is concerned. We were able to include approximately 100 OLP lesions. The main finding is that a relevant overexpression of EGFR was present exclusively in OLP lesions that transformed into OSCC. The correlation between malignant transformation of OLP and EGFR overexpression was statistically significant. Consequently, it seems that in the future prospective studies have to show if routine immunohistochemical determination of EGFR overexpression in OLP allows identifying those lesion that will transform into OSCC. The present study confirms previous findings that concern the relevance of determination of the histopathological grade of dyslasia of OLP for the prediction of malignant transformation. It seems that the histopathological determination of the degree of dysplasia of OLP may have only a limited value for predicting malignant transformation (18, 38) .
In conclusion, the significant overexpression of EGFR in OLP that transform into OSCC gives information as to the use of the determination of EGFR overexpression in predicting malignant transformation of these lesions. On the other hand, the histopathological determination of the grade of dysplasia of OLP seems to have only a limited value as far as the prediction of malignant transformation is concerned. The association was significant. a P-value was calculated by t-test.
